We present a further study of the dynamics of high-dimension fermion operators attributed to the theoretical inconsistency of the fundamental cutoff (quantum gravity) and the parityviolating gauge symmetry of the standard model. Studying the phase transition from a symmetry-breaking phase to a strong-coupling symmetric phase and the β-function behavior in terms of four-fermion coupling strength, we discuss the critical transition point as a ultraviolet-stable fixed point where a quantum field theory preserving the standard model gauge symmetry with composite particles can be realized. The form-factors and masses of composite particles at TeV scales are estimated by extrapolating the solution of renormalization-group equations from the infrared-stable fixed point where the quantum field theory of standard model is realized and its phenomenology including Higgs mass has been experimentally determined. We discuss the probability of composite-particle formation and decay that could be experimentally verified in the LHC by measuring the invariant mass of relevant final states and their peculiar kinetic distributions.
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We present a further study of the dynamics of high-dimension fermion operators attributed to the theoretical inconsistency of the fundamental cutoff (quantum gravity) and the parityviolating gauge symmetry of the standard model. Studying the phase transition from a symmetry-breaking phase to a strong-coupling symmetric phase and the β-function behavior in terms of four-fermion coupling strength, we discuss the critical transition point as a ultraviolet-stable fixed point where a quantum field theory preserving the standard model gauge symmetry with composite particles can be realized. The form-factors and masses of composite particles at TeV scales are estimated by extrapolating the solution of renormalization-group equations from the infrared-stable fixed point where the quantum field theory of standard model is realized and its phenomenology including Higgs mass has been experimentally determined. We discuss the probability of composite-particle formation and decay that could be experimentally verified in the LHC by measuring the invariant mass of relevant final states and their peculiar kinetic distributions. Introduction. The parity-violating (chiral) gauge symmetries and spontaneous/explicit breaking of these symmetries for the hierarchy of fermion masses have been at the center of a conceptual elaboration that has played a major role in donating to mankind the beauty of the standard model (SM) for particle physics. The Nambu-Jona-Lasinio model (NJL) [1] of four-fermion interactions at high energies and its effective counterpart, the Higgs model [2] of fermion-boson Yukawa interactions at low energies, provide an elegant description for the electroweak symmetry breaking and intermediate gauge boson masses. After a great experimental effort for many years, the ATLAS [3] and CMS [4] experiments have recently shown the first observations of a 126 GeV scalar particle in the search for the Standard Model Higgs boson at the LHC. This far-reaching result begins to shed light on this most elusive and fascinating arena of fundamental particle physics.
It is an important issue to study the dynamics at high-energy scale that originates the highdimensional operators of fermion fields. The strong technicolor dynamics of extended gauge theories * Electronic address: xue@icra.it at the TeV scale was invoked [5, 6] to have a natural scheme incorporating the relevant fourfermion operator (1) of the NJL type. We here present a brief introduction that the origin of high-dimensional operators of all fermion fields is due to the quantum gravity at the Planck length (a pl ∼ 10 −33 cm, Λ pl = π/a pl ∼ 10 19 GeV). Studying the quantum Einstein-Cartan theory in the framework of Regge calculus, we calculated [7] the minimal length (≈ 1.2 a pl ) of discrete spacetime, which provides a natural regulator for local quantum field theories of particles and gauge interactions. On the other hand, based on low-energy observations of parity violation, the SM Lagrangian was built in such a way as to preserve the exact chiral-gauge-symmetries SU L (2)⊗U Y (1) that are accommodated by elementary left-handed fermions and right-handed fermions. However, a profound result, in the form of a generic no-go theorem [8] , tells us that there is no consistent way to straightforwardly transpose on a discrete space-time the bilinear fermion Lagrangian of the continuum SM theory in such a way as to exactly preserve the chiral gauge symmetries. We are led to consider at least quadrilinear fermion interactions to preserve the chiral gauge symmetries. As an example, the four-fermion operator in the Einstein-Cartan theory can be obtained by integrating over static torsion fields at the Planck scale [9] . The very-small-scale structure of space-time and high-dimensional operators of fermion fields must be very complex as functions of the space-time spacingã and the gravitational gauge-coupling g grav between fermion fields and quantum gravity at the Planck scale. As the running gravitational gauge-coupling g grav (ã) is approaching to its ultraviolet (UV) stable critical point g crit grav forã → a pl [10] , the physical scale Λ = Λ[g grav (ã),ã] (Λ −1 ≫ã) satisfies the renormalization-group (RG) equation in the scaling region of the UV-stable fixed point, where the irrelevant high-dimensional operators of fermion fields are suppressed at least by O(Λ/Λ pl ); only the relevant operators receive anomalous dimensions and become effectively renormalizable dimension-4 operators at the high-energy scale Λ.
On the other hand, these relevant operators can be constructed on the basis of the phenomenology of SM at low-energies. In 1989, several authors [11] [12] [13] suggested that the symmetry breakdown of SM could be a dynamical mechanism of the NJL type that intimately involves the top quark at the high-energy scale Λ. Since then, many models based on this idea have been studied [14] .
The top-quark and Higgs-boson masses were supposed to be achieved by the RG equations in the scaling region of the infrared (IR) stable fixed point [6, 12, 13] . In the following discussions, we adopt the BHL model of an effective four-fermion operator [13] 
in the context of a well-defined quantum field theory at the high-energy scale Λ.
For the reason that the four-fermion interaction may be due to quantum gravity at the Planck scale where all fermions should be on an equal footing, we generalized [15] the Lagrangian (2) to
where a, b and i, j are the color and flavor indexes of the top and bottom quarks, the SU L (2) doublet
and the singlet ψ a R = t a R , b a R are the eigenstates of the electroweak interaction, and addition terms for the first and second quark families can be obtained by substituting t → u, c and b → d, s [16] . Moreover, we showed that the less numbers of Goldstone modes (positive energy) are, and the smaller total energy of the system is, as a result the minimal dynamical symmetry breaking (1) is an energetically favorable configuration (ground state) of the quantum field theory with high-dimension operators of all fermion fields at the cutoff Λ.
It was shown [17] [18] [19] that if the four-fermion coupling G(µ) is larger than a critical value G crit , and the energy scale µ is larger than a threshold energy scale E thre , the weak-coupling symmetrybreaking phase transits to the strong-coupling symmetric phase where massive composite particles are formed fully preserving the chiral gauge symmetries of SM, and the parity-symmetry is restored.
In Ref. [20] , we found a unique solution to the RG equation in the symmetry-breaking phase, which indicates the threshold energy scale E thre ≈ 4.27 TeV and the form-factor of composite Higgs bosoñ Z H (E thre ) ≈ 1.1, corresponding to the Higgs-boson mass m H ≈ 126.7 GeV and top-quark mass m t ≈ 172.7 GeV. As a consequence, these masses and the pseudoscalar decay constant f π can be obtained without drastically fine-tuning the four-fermion coupling.
In this Letter, utilizing the BHL model (1) in the symmetry-breaking phase, we numerically solve the RG equations of the SM with an infrared boundary conditions fixed by the top-quark and Higgs-boson masses recently measured, and obtain the form-factor of composite Higgs boson, increasing as the energy scale µ increasing up to the energy threshold E ≈ 5 TeV, at which the Higgs-boson quartic couplingλ(E) vanishes. This is different from the BHL result obtained by imposing the compositeness conditions of the form-factor vanishing at high-energy cutoff scale Λ.
Moreover, we show that in the symmetry-breaking phase the β(G)-function is positive near to an infrared-stable fixed point for the SM, while the β(G)-function is negative in the strong-coupling symmetric phase, where the composite Higgs boson combines with an elementary fermion to form a massive composite fermion. This implies that the critical point of the second-order phase transition should be a UV-stable fixed point. The result E ≈ 5 TeV from the solution to RG-equations infers the energy scale in the scaling region of the UV-stable fixed point. As a result, we estimate the spectra of massive composite particles and discuss the high-energy collider signatures of these composite particles, which could be identified by the resonance in invariant mass and particular kinematic distribution of final states measured.
The IR-stable fixed point and symmetry-breaking phase. In this phase, the quantum field theory (1) 
for 
and all renormalized quantities received fermion-loop contributions are defined with respect to the low-energy scale µ. The conventional renormalization Z ψ = 1 for fundamental fermions and the unconventional wave-renormalization (form factor)Z H for composite Higgs bosons are adopted
where Z HY and Z 4H are proper renormalization constants of the Yukawa-coupling and quartic coupling in Eq. (6). In the scaling region of the IR-stable fixed point where the SM of particle physics is realized, we utilize the full one-loop RG equations for running couplingsḡ t (µ 2 ) andλ(µ 2 )
where one can find A, B and RG equations for running gauge couplings g 2 1,2,3 in Eqs. (4.7), (4.8) of Ref. [13] . In this IR scaling region, the electroweak scale v ≈ 239.5 GeV and the mass-shell
are set in. Using the experimental values of M w , M z , g 2 1,2,3 , · · · including the top-quark and Higgs-boson masses, m H = 126 ± 0.5 GeV; m t = 172.9 ± 0.8 GeV,
we adopt (10) as an infrared boundary condition to integrate the RG equations (8) and (9) so as to uniquely determine the functions ofZ H (µ) andλ(µ) (see Fig. 2 ), as well as the values ofZ H (E) and the energy scale E forλ(E) = 0. We examine the variations ofZ H (E) and E values corresponding to the uncertainties in experimental measurements (11) . The results are reported in Tab. I and the maximal variations are
This indicates that as a unique solution to the RG equations (8) and (9), how much variations of E andZ H (E) in high energies correspond to the variations of boundary values (10) in low energies, due to the uncertainties of top-quark and Higgs-boson masses (11) . Note that the uncertainties of gauge couplings and boson masses have not been taken in account in this calculations.
It is important to compare and contrast our study with the BHL one [13] . In both studies, the definitions of all physical quantities are identical, the same RG equations (8) and (9) are used for running Yukawa and quartic couplings as well as gauge couplings. However, the different boundary conditions are adopted. We impose the infrared boundary condition (10) with (11) (6) and (7)], the composite Higgs boson behaves as an elementary particle.
However, its effective Yukawa couplingḡ t (µ) and quartic couplingλ(µ) decrease with the energy (8), (9) and boundary conditions (10), (11) to uniquely determine the functionsZ H (µ) andλ(µ) of Eq. (7) in terms of the energy scale µ > M z . Sinceλ(E) cannot be negative, otherwise the total energy of the system would not be bound from below, we numerically determine the values (12) of E andZ H (E) by demanding scale µ increasing in the range m H < µ < E. This would have some effects on the rate or crosssections of the composite Higgs boson decay or other relevant processes. In future work, it will be examined by comparison to electroweak precision data if these effects could be low-energy collider signatures that would tell this scenario apart from the SM with an elementary Higgs boson.
The UV-stable fixed point and strong-coupling symmetric phase. From the results (12), we can have some insight into the energy threshold E thre and the form-factorZ H (E thre ) of composite particles in the strong-coupling symmetric phase, where the composite Higgs boson and an elementary fermion are bound to form a three-fermion state to restore the symmetry. In the strong-coupling limit Ga −2 ≫ 1, where a ≡ (π/Λ), the theory (2) is in the strong-coupling symmetric phase [17, 18] . This was shown by scaling ψ(x) → ψ(x) = a 2 g 1/4 ψ(x) and g ≡ G/a 4 (ga 2 ≫ 1), writing the action (2) as
and using the strong coupling (hopping) expansion in powers of 1/g 1/2 to calculate two-point functions of composite fermion and boson fields. Using the first term (t Ra -channel) in Eq. (14), in the lowest non-trivial order (one-hopping step) we obtained (see Section 4 in Ref. [17] ) the propagator of the composite Dirac fermions:
, where the renormalized composite three-fermion states are:
with mass M = 2ga and form-factor Z S R,L = M a, the latter is a generalized wave-function renormalization of composite fermion operators. The composite bosons ( SU L (2)-doublet) are (see Section 5 in Ref. [17] ) In the symmetry breaking phase and the scaling region of the IR-stable fixed point, we know the symmetries, particle spectrum (fermions and bosons) and all relevant renormalizable operators of the SM at low energies [see Eq. (6)]. In the strong-coupling symmetric phase, the three-fermion states (15) We attempt to discuss the possible behaviors "II" and "III" of the β(G)-function in the strongcoupling regimes (see Fig. 1 ). To see how the strong coupling g depends on the energy-momentum, we need to calculate the corrections from more "hopping" steps to the form-factor (Z S R,L = M a) and mass (M = 2ga) of composite fermions (15) . In the analogy of calculations presented in the Appendix B of Ref. [17] and discussions presented in Ref. [18] , these corrections can be approximately calculated by using the train approximation for each fermion of Eq. (15),
where p is the energy-momentum of composite particles and σ(p) is represented by Fig. 3 and its negative sign is attributed to two fermion loops. We rewrite Eq. (18) as
where the dimensionless function Φ(p 2 /Λ 2 ) is a Lorentz scalar. Numerical calculations confirm that the function Φ(p 2 /Λ 2 ) is positive and finite, monotonically decreases as p 2 /Λ 2 increases. As a result, the corrected form
, leading to the effective running coupling
and the β-function
This result indicates a negative β-function and β → 0 − in the strong-coupling limit. Recall that in the QED case the analogous contribution of one fermion loop to the wave-function renormalization constant Z 3 is positive, the β-function is positive, i.e., β QED ≈ e 3 /12π 2 > 0. On the basis of the β(G)-function being positive and negative respectively in the weak-coupling symmetry-breaking phase and strong-coupling symmetric phase, as sketched as "I" and "III" in Fig. 1 , we infer there must be at least one zero-point of the β(G)-function, i.e., β(G zero ) = 0 and β ′ (G zero ) < 0. At this zero-point G zero , the positive β(G)-function "II" turns to the negative β-function "III". This zero-point G zero is a UV-stable fixed point.
The scaling region of the UV-stable fixed point. We are not able to determine G zero , however we expect G zero ≃ G crit for the reason that a UV-stable fixed point should be the candidate of critical point G crit for the second-order phase transition. It is known that in the neighborhood of the critical point G crit , the correlation length ξ/a of the theory goes to infinity, leading to the scaling invariance, i.e., the renormalization-group invariance. In this scaling region, the running coupling G(a/ξ) can be expanded as a series,
for a/ξ ≪ 1, leading to the β-function
The correlation length ξ follows the scaling law
where the coefficient c 0 = (a 0 G crit ) ν and critical exponent ν need to be determined by nonperturbative numerical simulations. Analogously to the electroweak scale v = 239.5 GeV sets in the scaling region of the IR-stable fixed point G c , the physical scale E ξ ≡ ξ −1 sets in the scaling region of the UV-stable fixed point G crit . This implies the masses of composite particles
and the running coupling G(µ)| µ→E thre +0 + → G crit ,
and the scale µ indicates the energy transfer between constituents inside composite particles. In the scaling region of the UV-stable fixed point, all one-particle-irreducible (1PI) functions Γ[µ, G(µ)]
of the quantum field theory (2) at the high-energy scale Λ evolve to irrelevant or relevant 1PI
functions, as the energy scale µ increases. The irrelevant 1PI functions are suppressed by powers of (E ξ /Λ) n and thus decouple from the theory. Instead, the relevant 1PI functions follow the scaling law, therefore are effectively dimension-4 and renormalizable, for example the propagators of composite fermions and bosons and their vector-like coupling vertexes to the SM gauge bosons.
The propagators of these composite particles have poles and residues that respectively represent their masses and form-factors. As long as their form-factors are finite, these composite particles behave as elementary particles. As discussed in Sections V and VI of Ref. [18] , when the energy scale µ decreases to the energy threshold E thre and G(µ) → G crit (E thre ), the phase transition occurs from the symmetric phase to the symmetry breaking phase, all three-fermion and two-fermion bound states (poles) dissolve into their constituents, which are represented by three-fermion and two-fermion cuts in the energy-momentum plane, as their form-factors and binding energy vanish [21] . The propagators of these composite particles give their mass-shell conditions (7) and (12), where [Z ψ ] 1/2 = 1 for the conventional renormalization of elementary fermion fields. This means that the energythreshold E thre corresponds the energy scale of dynamical symmetry breaking. When the energy scale µ decreases below the energy threshold E thre , i.e., µ < E thre , in the symmetry-breaking phase, the RG equations take the theory away from the UV fixed point towards the scaling region of the IR fixed point where the low-energy SM of particle physics is realized. On the basis of these discussions, we advocate the following relation for (i) the energy scale E ≈ 5 TeV of Eq. (12) extrapolated by the RG equations from the scaling region of the IR fixed point, (ii) the energy threshold E thre corresponding to the phase transition for dynamical symmetry breaking and (iii) the characteristic energy scale E ξ setting in the scaling region of the UV fixed point
Since E is determined byλ → 0 + , this strongly indicates the occurrence of the phase transition at E ≈ E thre discussed below Eq. (16), otherwise the theory would run into an instability (λ ∼ 0 − ) beyond E. The approximate E-value (12) is obtained by using the RG-equations (8) and (9), which do not give the positively decreasing curve "II" of the β(G)-function sketched in Fig. 1 .
Nevertheless, we gain some physical insight into the symmetry-breaking scale E thre and composite
Compared with the SM in the IR-stable scaling region, the composite field theory in the UVstable scaling region has the same chiral gauge symmetries (quantum numbers) and couplings to gauge bosons (γ, W ± , Z 0 and gluon), but the different vector-like spectra and 1PI vertexes, apart from massive particles being comprised by SM elementary ones. These composite particles on mass-shells behave as if they were elementary, as long as their form-factors are finite. The weak and strong interactions (2) bring us into two distinct domains. This is reminiscent of the QCD dynamics: asymptotic free quark states near to a UV fixed point and bound hadron states near to a possible IR fixed point.
Experiments. These composite particles should be produced by high-energy quarks and gauge bosons, if the center-of-mass energy ( √ s ) of pp collisions in the LHC is larger than their mass M or the threshold energy E thre . These could be experimentally verified by possibly observing the resonances in the invariant masses (M inv ) and kinematic distributions of final channels measured.
We first discuss the most probable channel of producing the composite particles ( (two-jets event) and the jet energy is about M/2. The same discussions apply for the second and third quark families, but quark pairs are most probably produced by two gluons with the crosssection σ com ∼ α 2 s /M 2 . The composite particle (15) comprising top quark is related to the resonant channel with final states: a Higgs boson of energy ∼ M/2 and at t pair, the latter becomes two jets of energy ∼ M/4 each, and three momenta are in the same plane with almost 120 • angular separation between them, rather than the four-jets event for the first and second quark families.
This implies that the strong interaction (2) would give rise not only to bound states, but also to peculiar kinematics of their decays, which are very different from the SM gauge interactions. Thus we would expect that the SM background should be more or less zero. In currently scheduled LHC runs for next 20 years, the integrated luminosity will go from 10 fb To end this Letter, we advocate that it is deserved to theoretically study the particle spectrum and symmetry of the strong-coupling theory (2) at the UV fixed point by non-perturbative numerical simulations, meanwhile experimentally verify the resonances of composite particles with the peculiar kinematic distributions of their final states in LHC.
